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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a manufacturing method of 
a semiconductor device, which can secure a gate work margin and 
can suppress the fluctuations of transistor characteristic by 
reducing the drop of a trench end part in the semiconductor device, 
where an element isolation region by means of STI(shallow trench 
isolation) is formed. 

SOLUTION: This manufacture method of a semiconductor device 
has a process for embedding an insulator in an element isolation 
groove 36 and forming an element isolation insulating film 38, a 
process where a first corrosion resistance layer 42 whose etching 
speed is slower than the insulator and a second corrosion 
resistance layer 43 the etching speed of which is much slow are 
stacked, a process where an opening is selectively installed in the 
second corrosion resistance layer 43 on at least one element 
forming region and the first corrosion resistance layer 42, and the 
element isolation insulating film 38 are etched/removed through the 
opening and a process, where the first and second corrosion 
resistance layers are removed and the element isolation insulating 
film on a substrate is polished and removed. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this 
translation. 

l.This document has been translated by 

computer. So the translation may not 

reflect the original precisely. 

2 **** s hows the word which can not be 

translated. 

3. In the drawings, any words are not 
translated. 



CLAIMS 



[Claim(s)] 

[Claim l] In the manufacture approach of 
the semiconductor device which contains 
two or more component formation fields 
on a semi-conductor substrate The 
process which forms the slot for isolation 
for separating said component formation 
field in the process which forms the 
sacrifice film on said semi-conductor 
substrate, and the field in which said 
sacrifice film of said semi-conductor 
substrate was formed, The process which 
embeds an insulator in said slot for 
isolation so that a part may project on the 
substrate side of said semi-conductor 
substrate, and forms an isolation 
insulator layer in it, The process which 
forms in the whole surface the 1st 
corrosion-proof layer which consists of an 
ingredient with a slow etch rate as 
compared with said insulator, The 
process which forms in the whole surface 



the 2nd corrosion-proof layer which 
consists of an ingredient with a slow etch 
rate as compared with said 1st 
corrosion-proof layer, Said 2nd 
corrosion-proof layer on at least one 
component formation field is removed 
alternatively. The process which prepares 
opening in said 2nd corrosion-proof layer, 
and the process which carries out 
sequential etching and removes said the 
1st corrosion-proof layer and said 
isolation insulator layer through said 
opening, The manufacture approach of a 
semiconductor device of having the 
process which removes said 1st and 2nd 
corrosion-proof layers, and the process 
which grinds and removes said isolation 
insulator layer projected on said 
substrate side. 

[Claim 2l For the process at which said 
semi-conductor substrate contains a large 
field relatively, and component formation 
spacing prepares opening in said 2nd 
corrosion-proof layer, a narrow field and 
component formation spacing are the 
manufacture approach of a 
semiconductor device according to claim 1 
of being the process from which the 2nd 
corrosion-proof layer on the component 
formation field where said component 
formation spacing was relatively formed 
in the narrow field is removed 
alternatively, relatively. 
[Claim 3] The process which said 
semi conductor substrate consists of a 
silicon substrate, and forms said sacrifice 
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film is the manufacture approach of the 
semiconductor device according to claim 1 
which is the process which oxidizes said 
silicon substrate surface thermally. 
[Claim 4] The process which embeds said 
insulator in said slot for isolation is the 
manufacture approach of the 
semiconductor device according to claim 1 
which is the process which carries out the 
chemistry gaseous-phase vacuum 
evaporationo of said insulator while 
supplying the membrane formation gas of 
said insulator and etching said some of 
insulators. 

[Claim 5] Said insulator is the 
manufacture approach of the 
semiconductor device according to claim 1 
which consists of silicon oxide. 
[Claim 6] The process which forms said 
1st and 2nd corrosion-proof layers is the 
manufacture approach of the 
semiconductor device according to claim 1 
which is the process which applies and 
dries the fluid organic spreading film. 
[Claim 7] The process which forms said 
isolation insulator layer is the 
manufacture approach of a 
semiconductor device according to claim 1 
of having the process which forms the 
stopper layer which consists of an 
ingredient with a slow polish rate as 
compared with said insulator on said 
sacrifice film, and the process which 
makes said insulator depositing on said 
Mizouchi for isolation, and said stopper 
layer. 



[Claim 8] The manufacture approach of a 
semiconductor device according to claim 7 
of having the process which removes said 
stopper layer after removing said 1st and 
2nd corrosion-proof layers. 
[Claim 9] Said stopper layer is the 
manufacture approach of the 
semiconductor device according to claim 8 
which consists of silicon nitride. 
[Claim 10] The process which removes 
said stopper layer is the manufacture 
approach of the semiconductor device 
according to claim 9 which is the isotropic 
etching which used the hot phosphoric 
acid. 

[Claim 11] In the manufacture approach 
of the semiconductor device which 
contains two or more component 
formation fields on a semi conductor 
substrate The process which forms the 
slot for isolation for separating said 
component formation field in the process 
which forms the sacrifice film on said 
semi-conductor substrate, and the field in 
which said sacrifice film of said 
semi-conductor substrate was formed, 
The process which embeds an insulator in 
said slot for isolation so that a part may 
project on the substrate side of said 
semi conductor substrate, and forms an 
isolation insulator layer in it, The process 
which removes said isolation insulator 
layer which etched into the front face of 
said isolation insulator layer, and was 
formed in said component formation field 
edge at least, The process which forms in 



3 



JP2000-021827 



the whole surface the 1st corrosion-proof 
layer which consists of an ingredient with 
a slow etch rate as compared with said 
insulator, The process which forms in the 
whole surface the 2nd corrosion-proof 
layer which consists of an ingredient with 
a slow etch rate as compared with said 
1st corrosion-proof layer, Said 2nd 
corrosion-proof layer on at least one 
component formation field is removed 
alternatively. The process which prepares 
opening in said 2nd corrosion-proof layer, 
and the process which carries out 
sequential etching and removes said the 
1st corrosion-proof layer and said 
isolation insulator layer through said 
opening, The manufacture approach of a 
semiconductor device of having the 
process which removes said 1st and 2nd 
corrosion-proof layers, and the process 
which grinds and removes said isolation 
insulator layer projected on said 
substrate side. 

[Claim 12] For the process at which said 
semi conductor substrate contains a large 
field relatively, and component formation 
spacing prepares opening in said 2nd 
corrosion-proof layer, a narrow field and 
component formation spacing are the 
manufacture approach of a 
semiconductor device according to claim 
11 of being the process from which the 
2nd corrosion-proof layer on the 
component formation field where said 
component formation spacing was 
relatively formed in the narrow field is 



removed alternatively, relatively. 
[Claim 13] The process which said 
semi-conductor substrate consists of a 
silicon substrate, and forms said sacrifice 
film is the manufacture approach of the 
semiconductor device according to claim 
11 which is the process which oxidizes 
said silicon substrate surface thermally. 
[Claim 14] The process which embeds 
said insulator in said slot for isolation is 
the manufacture approach of the 
semiconductor device according to claim 
11 which is the process which carries out 
the chemistry gaseous-phase vacuum 
evaporationo of said insulator while 
supplying the membrane formation gas of 
said insulator and etching said some of 
insulators. 

[Claim 15] Said insulator is the 
manufacture approach of the 
semiconductor device according to claim 
11 which consists of silicon oxide. 
[Claim 16] The process which forms said 
1st and 2nd corrosion-proof layers is the 
manufacture approach of the 
semiconductor device according to claim 
11 which is the process which applies and 
dries the fluid organic spreading film. 
[Claim 17] The process which forms said 
isolation insulator layer is the 
manufacture approach of a 
semiconductor device according to claim 
11 of having the process which forms the 
stopper layer which consists of an 
ingredient with a slow polish rate as 
compared with said insulator on said 
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sacrifice film, and the process which 
makes said insulator depositing on said 
Mizouchi for isolation, and said stopper 
layer. 

[Claim 18] The manufacture approach of 
a semiconductor device according to claim 

17 of having the process which removes 
said stopper layer after removing said 1st 
and 2nd corrosion-proof layers. 

[Claim 19] Said stopper layer is the 
manufacture approach of the 
semiconductor device according to claim 

18 which consists of silicon nitride. 
[Claim 20] The process which removes 
said stopper layer is the manufacture 
approach of the semiconductor device 
according to claim 19 which is the 
isotropic etching which used the hot 
phosphoric acid. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this 
invention relates to the manufacture 
approach of a semiconductor device that 
fluctuation of the transistor 
characteristics resulting from depression 
of the embedding oxide film of a trench 
edge and lack of a gate processing margin 
are controlled, by carrying out flattening 
of the substrate front face in which STI 



was formed to homogeneity about the 
manufacture approach of a 
semiconductor device. 
[0002] 

[Description of the Prior Art] 
Development of the isolation formation 
technique for reducing the area of a 
component isolation region is positively 
performed with detailed-izing of a 
semiconductor device, as the isolation 
formation technique conventionally used 
widely - LOCOS (local oxidation of 
silicon) -- there is law. In the LOCOS 
method, in order to make the silicon 
substrate itself oxidize thermally by 
using a silicon nitride as a mask, a 
process has the description that it is brief, 
there are also few problems of the 
component stress of an oxide film, and 
the membraneous quality of the oxide 
film generated is also excellent. 
[0003] however - if detailed-ization of a 
semiconductor device advances and it 
shifts to 0.25-micrometer generation 
completely - LOCOS - it is expected that 
application of law becomes a limitation. 
According to the LOCOS method, there is 
a problem that a BAZU beak occurs at 
the LOCOS edge by thermal oxidation, 
the area of an active field decreases or a 
surface level difference becomes 
remarkable. Moreover, although the 
LOCOS method is especially applicable to 
the field where component formation 
spacing is large, for example, a 
circumference circuit part, satisfactory, if 
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it applies to the field where component 
formation spacing is narrow, for example, 
a memory cell part, the thermal oxidation 
process for LOCOS formation cannot 
advance fully easily. Therefore, as 
compared with a circumference circuit 
part, in the field where components 
formation spacing, such as a memory cell 
part, is narrow, LOCOS is easy to be 
formed thinly and an insulating property 
may fall. 

[0004] in order to solve the above 
problems " an isolation formation 
technique - LOCOS - it is shifting to the 
approach of forming STI (Shallow Trench 
Isolation) from law (for example, refer to 
JP,57- 176762, A, JP,60-53045,A and the 
component demarcation membrane 
formation approach of a semiconductor 
device given in JP,9- 172007, A, and the 
total theory of semi-KONWARUDO July, 
96 issue printing). In order according to 
the STI technique to form a slot in a 
substrate front face and to embed an 
insulating material, the variation of 
tolerance from a design dimension 
decreases, and it is suitable for 
detailed-ization. Moreover, in order to 
carry out flattening of the front face by a 
certain approach after embedding an 
insulator layer, it is suitable also when 
performing highly precise lithography 
processing as which sufficient surface 
surface smoothness is required. 
[0005] The isolation formation approach 
by the conventional STI technique is 



explained below with reference to 
drawing 14 - drawing 18 . As shown in 
drawing 14 (A), on the other hand, 
component formation spacing forms 
[ component formation spacing ] 
relatively the part (field B) which has a 
memory cell part (field A), a large active 
field, and narrow active fields, such as 
DRAM, as a narrow field relatively, and 
the part (field C) which has an isolated 
active field in a large field on a silicon 
substrate 51. 

[0006] First, as shown in drawing 14 (A), 
the sacrifice film (pad oxide film) 52 is 
formed by about 10-20nm of thickness on 
a silicon substrate 51. The SiN film 53 is 
formed by about 150-200nm of thickness 
with a CVD method on the pad oxide film 
52. Next, after depositing a photoresist 54 
on the whole surface , if a 
photolithography process performs 
patterning of an active field to a 
photoresist 54, it will become structure as 
shown in drawing 14 (B). After 
performing etching of the SiN film 53 and 
the pad oxide film 52 by using a 
photoresist 54 as a mask, if a photoresist 
54 is removed, it will become structure as 
shown in drawing 15 (A). 
[0007] Next, as shown in drawing 15 (B), 
a silicon substrate 51 is etched a depth of 
about 300-400nm by using as a mask the 
SiN film 53 by which patterning was 
carried out, and a trench is formed 
between active fields. Furthermore, it 
oxidizes thermally and the thermal 
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oxidation film 55 is formed in the pars 
basilaris ossis occipitalis and side 
attachment wall of a trench. This 
becomes structure as shown in drawing 
1£ (A). Next, the embedding oxide film 
(HDP;high density plasma film) 56 which 
consists of silicon oxide is embedded at 
the above-mentioned trench. This 
becomes structure as shown in drawing 
16(B). 

[0008] then, CMP (chemical mechanical 
polishing) - it embeds by law and 
flattening of oxide -film 56 front face is 
performed. In order to carry out polish by 
CMP to homogeneity on the whole 
surface, the heights of embedding 
oxide film 56 front face are beforehand 
removed, before performing CMP. As 
shown in drawing 17 (A), the photoresist 
57 which covers except Field B is formed, 
and etching removes the embedding oxide 
film 56 on Field B by using a photoresist 
57 as a mask. Then, if a photoresist 57 is 
removed, it will become structure as 
shown in drawing 17 (B). Furthermore, 
STI is formed on a silicon substrate 51 by 
removing the SiN film 53 and the pad 
oxide film 52 by etching. 
[0009] 

[Problem(s) to be Solved by the 
Invention] As for the above STI 
techniques, although application to a 
next-generation device is becoming 
indispensable, utilization still has many 
technical problems. For example, in the 
process which etches the embedding 



oxide film 56 on Field B shown in 
above-mentioned drawing 17 R> 7 (A), it 
is difficult to remove completely the 
embedding oxide film 56 of the upper part 
of Field B from constraint of the 
alignment precision at the time of resist 
mask formation. Since specifically avoids 
that opening of a photoresist 57 is 
prolonged on a trench by alignment gap 
in the process shown in drawing 17 (A), it 
is limited and prepared by opening of a 
photoresist 57 near the core of a large 
active field. Therefore, as shown in 
drawing 17 (B), on the large active field 
(field B) after etching the embedding 
oxide film 56, the thick embedding oxide 
film 56 remains as compared with the 
fields A, such as a memory cell part. 
[0010] If CMP is performed until the 
thick embedding oxide film 56 which 
remained on Field B is removed, as 
shown in drawing 18 (A), the narrow 
active field (field C) upper part will be 
ground superfluously, and the so-called 
dishing (dishing) will happen. 
Furthermore, after CMP, before forming 
gate oxide, isotropic etching which used 
the etching reagent of a fluoric acid 
system is performed, and the pad oxide 
film 52 is removed. In the process which 
removes this pad oxide film 52, since the 
edge part of the embedding oxide film 56 
is also shaved off with a fluoric acid 
system etching reagent, as a result, the 
depression 58 of a trench edge occurs also 
in which field, and it becomes a big level 
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difference. A gate processing margin 
decreases remarkably with this level 
difference, and it has become the 
hindrance of detailed-izing of a 
semiconductor device. 
[0011] Moreover, in case flattening of the 
embedding oxide film 56 is carried out by 
CMP, the level difference produced in the 
above-mentioned component isolation 
region is promoted also when the 
selection ratio of etching of an oxide film 
and the SiN film changes as a property of 
CMP polish according to the rate of area 
of an active field. Since the selection ratio 
of the film for SiN is not specifically 
securable in the isolated active field (field 
C) surrounded by the large isolation 
insulator layer as shown in drawing 18 
(A), superfluous polish of the embedding 
oxide film 56 is carried out. On the 
contrary, since the selection ratio of the 
film for SiN is secured in the part (field 
B) where the rate of area of an active field 
is high, a polish rate becomes slow. 
Therefore, in the chip which polish did 
not advance to homogeneity on the whole 
surface, for example, loaded together a 
memory cell and logic, such as DRAM, a 
memory cell part may differ in the 
configuration of STI from a logic part, 
and the property of a transistor may fall. 
[0012] Moreover, especially in a memory 
cell part (field A), it may be in the 
condition that embedded rather than the 
silicon substrate 51 and the direction of 
an oxide film 56 projected, as [ show / in 



drawing 18 (B) ], and removal of polish 
recon may become imperfect at the time 
of gate electrode processing. Polish by 
CMP advances superfluously, on the 
other hand, [ near the isolated active field 
(field C) of a logic part ], as shown in 
drawing 18 (C), it embeds, and an oxide 
film 26 will be in the condition of having 
caved in rather than silicon substrate 21 
front face. 

[0013] Transistor characteristics fall by 
the depression 58 of the edge parts of that 
the gate oxide formed between 
component isolation regions after STI 
formation besides the above problems 
becomes easy to deteriorate and the 
embedding oxide film 56. This invention 
is made in view of the above-mentioned 
trouble, therefore this invention aims at 
offering the manufacture approach of a 
semiconductor device that sufficient gate 
processing margin for a trench edge is 
securable by carrying out flattening of 
the substrate front face to homogeneity. 
Moreover, this invention aims at offering 
the manufacture approach of the 
semiconductor device which can control 
fluctuation of transistor characteristics 
resulting from the level difference of the 
embedding oxide film in a trench edge. 
[0014] 

[Means for Solving the Problem] In order 
to attain the above-mentioned purpose, 
the manufacture approach of the 
semiconductor device of this invention In 
the manufacture approach of the 
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semiconductor device which contains two 
or more component formation fields on a 
semiconductor substrate The process 
which forms the slot for isolation for 
separating said component formation 
field in the process which forms the 
sacrifice film on said semi-conductor 
substrate, and the field in which said 
sacrifice film of said semi conductor 
substrate was formed, The process which 
embeds an insulator in said slot for 
isolation so that a part may project on the 
substrate side of said semi-conductor 
substrate, and forms an isolation 
insulator layer in it, The process which 
forms in the whole surface the 1st 
corrosion-proof layer which consists of an 
ingredient with a slow etch rate as 
compared with said insulator, The 
process which forms in the whole surface 
the 2nd corrosion-proof layer which 
consists of an ingredient with a slow etch 
rate as compared with said 1st 
corrosion-proof layer, Said 2nd 
corrosion-proof layer on at least one 
component formation field is removed 
alternatively. The process which prepares 
opening in said 2nd corrosion-proof layer, 
and the process which carries out 
sequential etching and removes said the 
1st corrosion-proof layer and said 
isolation insulator layer through said 
opening, It is characterized by having the 
process which removes said 1st and 2nd 
corrosion-proof layers, and the process 
which grinds and removes said isolation 



insulator layer projected on said 
substrate side. 

[0015] A narrow field and component 
formation spacing are suitably 
characterized by for the process at which 
said semi-conductor substrate contains a 
large field relatively, and, as for the 
manufacture approach of the 
semiconductor device of this invention, 
component formation spacing prepares 
opening in said 2nd corrosion-proof layer 
relatively to be a process which removes 
alternatively the 2nd corrosion-proof 
layer on the component formation field 
where said component formation spacing 
was relatively formed in the narrow field. 
The process in which said semi-conductor 
substrate becomes from a silicon 
substrate suitably, and the manufacture 
approach of the semiconductor device of 
this invention forms said sacrifice film is 
characterized by being the process which 
oxidizes said silicon substrate surface 
thermally. 

[0016] The process to which the 
manufacture approach of the 
semiconductor device of this invention 
embeds said insulator suitably in said 
slot for isolation is characterized by being 
the proce ss which carr ie s out the 
chemistry gaseous-phase vacuum 
evaporationo of said insulator, supplying 
the membrane formation gas of said 
insulator and etching said some of 
insulators. The manufacture approach of 
the semiconductor device of this 
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invention is suitably characterized by 
said insulator consisting of silicon oxide. 
The process in which the manufacture 
approach of the semiconductor device of 
this invention forms said 1st and 2nd 
corrosion-proof layers suitably is 
characterized by being the process which 
applies and dries the fluid organic 
spreading film. 

[0017] The process in which the 
manufacture approach of the 
semiconductor device of this invention 
forms said isolation insulator layer 
suitably is characterized by having the 
process which forms the stopper layer 
which consists of an ingredient with a 
slow polish rate as compared with said 
insulator on said sacrifice film, and the 
process which makes said insulator 
deposit on said Mizouchi for isolation, 
and said stopper layer. Suitably, after the 
manufacture approach of the 
semiconductor device of this invention 
removes said 1st and 2nd corrosion-proof 
layers, it is characterized by having the 
process which removes said stopper layer. 
The manufacture approach of the 
semiconductor device of this invention is 
suitably characterized by said stopper 
layer consisting of silicon nitride. The 
process from which the manufacture 
approach of the semiconductor device of 
this invention removes said stopper layer 
suitably is characterized by being the 
isotropic etching which used the hot 
phosphoric acid. 



[0018] Thereby, in the process which 
carries out etchback of the isolation 
insulator layer on a large active field by 
which component formation spacing was 
relatively formed in the narrow field, 
since a substrate front face is protected 
by the 1st and 2nd corrosion-proof layers, 
the insulator in a trench is not etched 
superfluously. Moreover, in order to form 
the 2nd corrosion-proof layer in the upper 
layer of the 1st corrosion-proof layer and 
to prepare opening in the 2nd 
corrosion-proof layer, compared with the 
case where carry out 1 stratification of 
the corrosion-proof layer, and opening is 
prepared, a margin becomes large. 
Therefore, even if it does not fully raise 
alignment precision, it can prevent 
etching the insulator in a trench. 
[0019] As mentioned above, according to 
the manufacture approach of the 
semiconductor device of this invention, 
STI of a uniform configuration is formed 
also in the semiconductor device 
consolidated with memory cell parts, 
such as the field where component 
formation spacing is narrow, for example, 
DRAM etc., and the field where 
component formation spacing is large, for 
example, a circumference circuit part. 
Therefore, depression of a trench edge is 
reduced and a gate processing margin 
can be made to extend. Moreover, 
fluctuation of the transistor 
characteristics resulting from depression 
of a trench edge is also controlled. 
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[0020] In order to attain the 
above-mentioned purpose, moreover, the 
manufacture approach of the 
semiconductor device of this invention In 
the manufacture approach of the 
semiconductor device which contains two 
or more component formation fields on a 
semi conductor substrate The process 
which forms the slot for isolation for 
separating said component formation 
field in the process which forms the 
sacrifice film on said semi-conductor 
substrate, and the field in which said 
sacrifice film of said semi conductor 
substrate was formed, The process which 
embeds an insulator in said slot for 
isolation so that a part may project on the 
substrate side of said semi-conductor 
substrate, and forms an isolation 
insulator layer in it, The process which 
removes said isolation insulator layer 
which etched into the front face of said 
isolation insulator layer, and was formed 
in said component formation field edge at 
least, The process which forms in the 
whole surface the 1st corrosion-proof 
layer which consists of an ingredient with 
a slow etch rate as compared with said 
insulator, The process which forms in the 
whole surface the 2nd corrosion-proof 
layer which consists of an ingredient with 
a slow etch rate as compared with said 
1st corrosion-proof layer, Said 2nd 
corrosion-proof layer on at least one 
component formation field is removed 
alternatively. The process which prepares 



opening in said 2nd corrosion-proof layer, 
and the process which carries out 
sequential etching and removes said the 
1st corrosion-proof layer and said 
isolation insulator layer through said 
opening, It is characterized by having the 
process which removes said 1st and 2nd 
corrosion-proof layers, and the process 
which grinds and removes said isolation 
insulator layer projected on said 
substrate side. 

[0021] Before this applies the 1st 
corrosion-proof layer which consists of 
organic film etc., the embedding 
ingredient on a trench and an active field 
(insulator) dissociates. Therefore, the 
stopper layer (silicon nitride) of an active 
field edge is exposed, and the 1st 
corrosion-proof layer formed in the upper 
layer is contacted. That is, since the 
embedding ingredient in a trench 
(insulator) will be in the condition of 
having been covered completely, it can 
prevent that depression occurs at the 
trench edge by over-etching or 
superfluous polish. By reducing the level 
difference of a trench edge, a gate 
processing margin is extensible. 
Moreover, fluctuation of the transistor 
characteristics resulting from depression 
of a trench edge is also controlled. 
[0022] 

[Embodiment of the Invention] The 
gestalt of implementation of the 
manufacture approach of the 
semiconductor device of this invention is 
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explained below with reference to a 
drawing. First, the equipment used for 
the process on which embed in the trench 
of the manufacture approach of the 
semiconductor device of this invention, 
and an oxide film is made to deposit is 
explained with reference to drawing 1 * 
drawing 3 . In the manufacture approach 
of this invention, although it is also 
possible to use conventional plasma- CVD 
equipment as equipment for forming an 
embedding oxide film, the CVD system 
which generates low voltage and the high 
density plasma is suitably used from a 
viewpoint that a configuration is 
controllable with high precision. 
[0023] Drawing 1 is the schematic 
diagram of (high frequency RF) bias 
impression mold ECR (microwave 
electron cyclotron resonance) plasma 
treatment equipment. In the equipment 
shown in drawing 1 , the microwave 
generated in the magnetron 11 reaches a 
wafer 15 through a waveguide 12 and the 
quartz bell jar 13. Wear 15 is being fixed 
by the unipolar system electrostatic 
chuck or the clamp 16 on the wafer stage 
17. 

[0024] Drawing 2 is the schematic 
diagram of MCR (magnetic field 
containment reactor) plasma treatment 
equipment. In the equipment shown in 
drawing 2 , after irradiating 13.56MHz 
high frequency from RF generator 18 and 
making the up electrode 19 discharge as 
an anode to side -attachment- wall 



electrode 19* made from a quartz, the 
multipole magnet (unillustrating) wound 
around the up electrode 19 or the 
chamber side attachment wall performs 
magnetic field containment, and the 
comparatively high-concentration plasma 
is generated. 

[0025] Drawing 3 (A) is the schematic 
diagram of inductively-coupled-plasma 
(I CP) type plasma treatment equipment. 
A 2MHz RF (RF) is impressed to the 
inductive-coupling coil 20 wound around 
the chamber side attachment wall from 
RF generator 18, and it is made to 
generate the high density plasma in the 
equipment shown in drawing 3 (A). 
[0026] Drawing 3 (B) is the schematic 
diagram of helicon wave plasma type 
plasma treatment equipment. In the 
equipment shown in drawing 3 (B), if RF 
is impressed to an antenna 23 from the 
source power source 22, it will interact 
with the magnetic field formed with a 
solenoid coil 14. Thereby, a whistler wave 
(helicon wave) occurs in the source 
chamber 24, and the high density plasma 
produced as a result reaches a wafer 15. 
Moreover, to above equipment, the 
refrigerant for temperature control 
circulates through each on the wafer 
stage 17 possessing RF generator 18 
(unillustrating). Furthermore, a 
unipolar system electrostatic chuck is 
installed and -50-300-degree C 
temperature control is possible. 
[0027] (Operation gestalt l) Drawing 4 
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(A) is a sectional view showing the 
substrate part of a semiconductor device 
manufactured by the manufacture 
approach of the semiconductor device of 
this operation gestalt. On a silicon 
substrate 31, the memory cell field 32, 
the large active field 33, and the narrow 
active fields 34, such as DRAM, are 
relatively formed for component 
formation spacing as a narrow field, and, 
on the other hand, the isolated active 
field 35 is relatively formed for 
component formation spacing in the large 
field. STI36 for isolation is formed 
between each component, and the HDP 
film 38 which consists of silicon oxide is 
embedded through the oxide film 37 at 
STI36. 

[0028] Next, the manufacture approach of 
the semiconductor device of this 
above-mentioned operation gestalt is 
explained. First, as shown in drawing 4 

(B) , the thermal oxidation film is formed 
by about 10-20nm of thickness as a pad 
oxide film 39 on a silicon substrate 31. In 
the isolation insulator layer formation 
process mentioned later, the pad oxide 
film 39 is formed in order to prevent the 
stress of the SiN film 40 used as an 
antioxidizing mask affecting a silicon 
substrate 31. On the pad oxide film 39, 
the silicon nitride (SiN film) 40 which 
serves as a stopper layer in the CMP 
process mentioned later is formed by 
about 150-200nm of thickness for 
example, with a reduced pressure CVD 



method. 

[0029] Next, after depositing a 
photoresist 41 on the whole surface, as 

shown in drawing 4 (C), a 

photolithography process performs 
patterning of an active field to a 
photoresist 41. As shown in drawing 5 (A) 
using a KrF excimer laser by using a 
photoresist 41 as a mask, etching of the 
SiN film 40 and the pad oxide film 39 is 
performed. Thereby, the tooth- space 
pattern of 0.3-micrometer [ a minimum 
of ] width of face is formed. Then, a 
photoresist 41 is removed. 
[0030] Next, as shown in drawing 5 (B), a 
silicon substrate 31 is etched a depth of 
about 300-400nm by using as a mask the 
SiN film 40 by which patterning was 
carried out, and a trench 36 is formed 
between active fields. Etching for forming 
a trench 36 is performed on condition 
that the following using ECR type Si 
etching system as [ shown in drawing 1 1. 
gas: C12 / HBr=50 / 30sccm pressure: - 
0.2Pamu wave output: - 900WRF bias: - 
60W (800kHz) 

Wafer temperature: 20 degrees C [0031] 
Furthermore, it oxidizes thermally, and 
as shown in drawing 6 (A), the oxide film 
37 of about 20nm of thickness is formed 
in the wall of a trench 36. This thermal 
oxidation is performed at 1000 degrees C 
among the dry oxidation ambient 
atmosphere which contains a 
hydrochloric acid 1%. In order to form a 
trench 36, if dry etching is performed to a 
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silicon substrate 31, a damage will be 
given to a silicon substrate 31, but if an 
oxide film 37 is formed by thermal 
oxidation, the damage of a silicon 
substrate 31 will be recovered to some 
extent. Moreover, since it becomes the 
configuration where the corner part of 
trench upper limit was roundish by 
forming an oxide film 37, in case it 
embeds at the continuing process and an 
oxide film (HDP film) 38 is made to 
deposit, it can prevent an opening (void) 
occurring. 

[0032] Next, the above-mentioned trench 
36 is made to deposit the embedding 
oxide film 38 using the ECR type high 
density plasma-CVD equipment as 
[ shown in drawing 1 ]. This becomes 
structure as shown in drawing 6 (B). 
Formation of the embedding oxide film 38 
is performed on condition that the 
following, and thickness may be about 
600nm. 

gas: - SiH4 / H2 O=20 / 30sccm pressure: 
- O.lPamu wave output: - 1000WRF 
bias: - 400W (13.56MHz) 
Wafer temperature: 200 degrees C [0033] 
By using the HDP film as an embedding 
oxide film 38, there is little film 
contraction and it serves as an isolation 
insulator layer which was excellent in 
step coverage nature (step coverage) also 
in the part where an aspect ratio is high. 
Moreover, in case the application 38 of 
the bias spatter method, i.e., an 
embedding oxide film, is made to deposit, 



high-frequency power is impressed so 
that self-bias may also start a silicon 
substrate 31 side, and the isolation 
insulator layer (STI) 36 with a taper-like 
side attachment wall is formed by 
making it deposit, etching an insulator 
layer (oxide film) on a silicon substrate 31. 
According to the bias spatter method, 
since a spatter differs from an etch rate 
on a flat side and a level difference side 
face, when the plasma chooses self-bias 
conditions suitably in the range which 
does not do damage to a component 
property, the front face by which 
flattening was carried out is obtained. 
[0034] Then, annealing of the embedding 
oxide film 38 is performed. It embeds 
with the oxide film 37 of trench 36 wall, 
generating of the minute opening (void) 
in an interface with an oxide film 38 is 
controlled by this annealing, and 
smoothing of embedding oxide film 38 
front face is also performed to coincidence. 
Annealing is performed on condition that 
the following. 

equipment: - commercial thermal 
oxidation furnace gas :P yro ratio 1.0 
wafer temperature: 900-degree-C time 
amount: - as 30 minutes or more show to 
drawing 6 (B), in the trench 36 interior, 
the embedding oxide film 38 is embedded 
by good covering nature, and the 
embedding oxide film 38 serves as 
structure which remained by the 
thickness which is about 200nm on the 
large active field 33. 
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[0035] Then, as shown in drawing 7 (A), 
the organic film 42 (for example, DUV-42 
and Brewer Science) is applied about 
200nm of thickness with a spin coat 
method. After making a photoresist 43 
deposit all over the upper layer of the 
organic film 42, as shown in drawing 7 
(B), opening is prepared in the 
photoresist 43 on the large active field 33 
and the narrow active field 34. 
Patterning of a photoresist 43 is 
performed for example, using i line 
stepper. 

[0036] Next, if etching of the organic film 
42 and the embedding oxide film 38 is 
performed by using a photoresist 43 as a 
mask, it will become a configuration as 
shown in drawing 8 (B) through a 
configuration as shown in drawing 8 (A). 
Etching of the organic film 42 is 
performed on condition that the following. 
Equipment: ECR type Si etching system 
(refer to drawing 1 ) 

gas: •- C12 / 02 =50 / 20sccm pressure: - 
0.2Pamu wave output: - 900WRF bias: - 
60W wafer temperature: amount of 
20-degree-C etching: -- 150nm [0037] 
Moreover, etching of the embedding oxide 
film 38 on the large active field 33 and 
the narrow active field 34 is performed on 
condition that the following, 
gas: -- C4 F8 / helium=50 / lOOsccm 
pressure: - 0.2Pamu wave output". 
1000WRF bias: - 250W (800kHz) 
Wafer temperature: 20 degrees C [0038] 
In the process which etches the 



embedding oxide film 38 shown in 
drawing 8 (B), the etch selectivity of an 
oxide film is obtained 50 by 8 and the 
nitride for silicon (40) by the film for 
organic (42). Therefore, etching to the 
embedding oxide film 38 in a trench 36 
does not take place, but the good 
configuration of a component isolation 
region is maintained. Then, by 
performing ashing processing, as shown 
in drawing 9 (A), the organic film 42 and 
a photoresist 43 are removed. 
[0039] Furthermore, if it embeds and 
CMP is performed to an oxide film 38, it 
will become the structure projected on 
the substrate front face as shown in 
drawing 9 (B). CMP is performed on 
condition that the following, 
equipment: - commercial CMP 
equipment pressure: - number of 300 
g/cm2 rotations: - 30rpm (head) and 
30rpm (table) 

time amount: - 20-seeond abrasive cloth: 
-- what carried out the laminating of the 
nonwoven fabric to the bottom of a 
polyurethane firing object, 

IC1000/suba400 [ for example, ], (product 
made from Rodale Press) 
Abrasive material (slurry): The thing 112 
(product made from CABOT) which made 
the basic water solution distribute famed 
silica, for example, IC 
[0040] In the process shown in dra wing 9 
(B), since the thickness of the embedding 
oxide film 38 which remains on a 
substrate serves as homogeneity mostly 
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all over the wafer, there are few amounts 
of polishes and they end. Therefore, 
dishing by which superfluous polish of 
the isolated active field 35 formed into 
the large isolation insulator layer is 
carried out hardly happens. Then, 
etching using a hot phosphoric acid 
removes the SiN film 40. Furthermore, 
light etching using fluoric acid is 
performed and the pad oxide film 39 is 
removed. Thereby, depression of the 
embedding oxide film 38 in a trench edge 
can be suppressed within 20nm, and 
fluctuation of the transistor 
characteristics resulting from depression 
of a trench edge is controlled. 
[0041] Furthermore, a sacrifice oxide film 
(un-illustrating) is formed by the 
well-known approach, and an impurity is 
introduced into silicon substrate 31 front 
face. Then, gate oxide, a wiring metal 
layer, etc. are formed by the well-known 
approach on a silicon substrate 31. 
Thereby, flattening of the substrate front 
face is carried out to homogeneity, and 
the semiconductor device with which 
sufficient gate processing margin was 
secured is obtained. According to the 
manufacture . approach of the 
semiconductor device of this 
above-mentioned operation gestalt, STI of 
a uniform configuration can be formed 
also in the semiconductor device with 
which the memory cell part and the 
circumference circuit part were loaded 
together. 



[0042] (Operation gestalt 2) By the 
manufacture approach of this operation 
gestalt as well as the above-mentioned 
operation gestalt 1, a semiconductor 
device as shown in drawing 4 (A) is 
obtained. Next, the manufacture 
approach of the semiconductor device of 
this operation gestalt is explained. First, 
like the operation gestalt 1, as shown in 
drawing 4 (B), the thermal oxidation film 
is formed by about 10 20nm of thickness 
as a pad oxide film 39 on a silicon 
substrate 31. On the pad oxide film 39, 
the silicon nitride (SiN film) 40 which 
serves as a stopper layer in the CMP 
process mentioned later is formed by 
about 150-200nm of thickness for 
example, with a reduced pressure CVD 
method. 

[0043] Next, after depositing a 
photoresist 41 on the whole surface, as 

shown in drawing 4 (C) , a 

photolithography process performs 
patterning of an active field to a 
photoresist 41. As shown in drawing 5 (A) 
using a KrF excimer laser by using a 
photoresist 41 as a mask, etching of the 
SiN film 40 and the pad oxide film 39 is 
performed. Thereby, the tooth- space 
pattern of 0.3-micrometer [ a minimum 
of ] width of face is formed. Then, a 
photoresist 41 is removed. 
[0044] Next, as shown in drawing 5 (B), a 
silicon substrate 31 is etched a depth of 
about 300-400nm by using as a mask the 
SiN film 40 by which patterning was 
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carried out, and a trench 36 is formed 
between active fields. Etching for forming 
a trench 36 is performed on condition 
that the following using MCR type Si 
etching system as [ shown in drawing 2]. 
gas: C12 / HBr=50 / 40sccm pressure: - 

0. 2Pa source mode output: 1000WRF 
bias: -- 40W (450kHz) 

Wafer temperature: 70 degrees C [0045] 
Furthermore, it oxidizes thermally on the 
same conditions as the operation gestalt 

1, and as shown in drawing 6 (A), the 
oxide film 37 of about 20nm of thickness 
is formed in the wall of a trench 36. 
Thereby, the damage of the silicon 
substrate 31 by dry etching recovers a 
certain extent. Moreover, since it becomes 
the configuration where the corner part 
of trench upper limit was roundish by 
forming an oxide film 37, in case it 
embeds at the continuing process and an 
oxide film (HDP film) 38 is made to 
deposit, it can prevent an opening (void) 
occurring. 

[0046] Next, the above-mentioned trench 
36 is made to deposit the embedding 
oxide film (HDP film) 38 using the ECR 
type high density plasmaCVD 
equipment as [ shown in drawing 1 ] . This 
becomes structure as shown in drawing 6 
(B). Formation of the embedding oxide 
film 38 is performed on condition that the 
following, and thickness may be about 
600nm. 

gas: SiH4 / H2 0=20 / 30sccm pressure: 
-- O.lPamu wave output: 1000WRF 



bias: -400W (13.56MHz) 
Wafer temperature: 200 degrees C [0047] 
By forming the HDP film as an 
embedding oxide film 38, there is little 
film contraction and it serves as an 
isolation insulator layer which was 
excellent in step coverage nature (step 
coverage) also in the part where an 
aspect ratio is high. Moreover, as 
mentioned above in the operation gestalt 
1, by applying the bias spatter method, it 
has a taper-like side attachment wall and 
the isolation insulator layer (STI) 36 to 
which flattening of the front face was 
carried out is formed. 
[0048] Then, annealing of the embedding 
oxide film (Si02 film) 38 is performed on 
the same conditions as the operation 
gestalt 1. It embeds with the oxide film 
37 of trench 36 wall, generating of the 
minute opening (void) in an interface 
with an oxide film 38 is controlled by this 
annealing, and smoothing of embedding 
oxide film 38 front face is also performed 
to coincidence. By the above, as shown in 
drawing 6 (B), it embeds in the trench 36 
interior, and an oxide film 38 is embedded 
by good covering nature, and the 
embedding oxide film 38 serves as 
structure which remained by the 
thickness which is about 200nm on the 
large active field 33. 

[0049] Then, as shown in drawing 7 (A), 
the organic film 42 (for example, 
commercial Si content i line photoresist) 
is applied about 200nm of thickness with 
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a spin coat method. After making a 
photoresist 43 deposit all over the upper 
layer of the organic film 42, as shown in 
drawing 7 (B), i line stepper is used for 
the photoresist 43 on the large active 
field 33 and the narrow active field 34, 
and opening is prepared in it. 
[0050] Next, if etching of the organic film 
42 and the embedding oxide film 38 is 
performed by using a photoresist 43 as a 
mask, it will become a configuration as 
shown in drawing 8 (B) through a 
configuration as shown in drawing 8 (A). 
Etching of the organic film 42 is 
performed on condition that the following. 
Equipment: MCR type Si etching system 
(refer to drawing 3 ) 

gas: - C12 / 02 =50 / lOsccm pressure: - 
0.2Pa source mode output: -- 900WRF 
bias: - 30W (450kHz) 
wafer temperature: - amount of 
70-degree-C etching: - 150nm [0051] 
Moreover, etching of the embedding oxide 
film 38 on the large active field 33 and 
the narrow active field 34 is performed on 
condition that the following, 
gas: C4 F8 / helium=20 / lOOsccm 
pressure: - 0.2Pa source mode output: - 
1000WRF bias: 150W (450kHz) . 
Wafer temperature: 70 degrees C [0052] 
In the process which etches the 
embedding oxide film 38 shown in 
drawing 8 (B), the etch selectivity of an 
oxide film is obtained 50 by 10 and the 
nitride for silicon (40) by the film for 
organic (42). Therefore, etching to the 



embedding oxide film 38 in a trench 36 
does not take place, but the good 
configuration of a component isolation 
region is maintained. Then, by 
performing ashing processing, as shown 
in drawing 9 (A), the organic film 42 and 
a photoresist 43 are removed. 
[0053] Furthermore, if it embeds and 
CMP is performed to an oxide film 38, it 
will become the structure projected on 
the substrate front face as shown in 
drawing 9 (B). CMP can be performed on 
the same conditions as the operation 
gestalt 1. In the process shown in 
drawing 9 (B), since the thickness of the 
embedding oxide film 38 which remains 
on a substrate serves as homogeneity 
mostly all over the wafer, there are few 
amounts of polishes and they end. 
Therefore, dishing by which superfluous 
polish of the isolated active field 35 
formed into the large isolation insulator 
layer is carried out hardly happens. 
[0054] Then, etching using a hot 
phosphoric acid removes the SiN film 40. 
Furthermore, light etching using fluoric 
acid is performed and the pad oxide film 
39 is removed. Thereby, depression of the 
embedding oxide film 38 in a trench edge 
can be suppressed within 20nm, and 
fluctuation of the transistor 
characteristics resulting from depression 
of a trench edge is controlled. 
[0055] Furthermore, a sacrifice oxide film 
(un-illustrating) is formed by the 
well-known approach, and an impurity is 
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introduced into silicon substrate 31 front 
face. Then, gate oxide, a wiring metal 
layer, etc. are formed by the well-known 
approach on a silicon substrate 31. 
Thereby, flattening of the substrate front 
face is carried out to homogeneity, and 
the semiconductor device with which 
sufficient gate processing margin was 
secured is obtained. Also by the 
manufacture approach of the 
semiconductor device of this 
above-mentioned operation gestalt, STI of 
a uniform configuration can be formed in 
the semiconductor device with which the 
memory cell part and the circumference 
circuit part were loaded together. 
[0056] (Operation gestalt 3) Drawing 10 
(A) is a sectional view showing the 
substrate part of a semiconductor device 
manufactured by the manufacture 
approach of the semiconductor device of 
this operation gestalt. Like the sectional 
view shown in drawing 4 (A) in the 
above-mentioned operation gestalten 1 
and 2, the memory cell field 32, the large 
active field 33, and the narrow active 
fields 34, such as DRAM, are relatively 
formed for component formation spacing 
as a narrow field on a silicon substrate 31, 
and, on the other hand, the isolated 
active field 35 is relatively formed for 
component formation spacing in the large 
field. STI 36 for isolation is formed 
between each component, and the HDP 
film 38 which consists of silicon oxide is 
embedded through the oxide film 37 at 



STI36. 

[0057] Next, the manufacture approach of 
the semiconductor device of this 
operation gestalt is explained. First, like 
the operation gestalten 1 and 2, as shown 
in drawing 4 R> 4 (B), the thermal 
oxidation film is formed by about 
10-20nm of thickness as a pad oxide film 
39 on a silicon substrate 31. On the pad 
oxide film 39, the silicon nitride (SiN 
film) 40 which serves as a stopper layer 
in the CMP process mentioned later is 
formed by about 150*200nm of thickness 
for example, with a reduced pressure 
CVD method. 

[0058] Next, after depositing a 
photoresist 41 on the whole surface, as 

shown in drawing 4 (C), a 

photolithography process performs 
patterning of an active field to a 
photoresist 41. As shown in drawing 5 (A) 
using a KrF excimer laser by using a 
photoresist 41 as a mask, etching of the 
SiN film 40 and the pad oxide film 39 is 
performed. Thereby, the tooth- space 
pattern of 0.3 -micrometer [ a minimum 
of ] width of face is formed. Then, a 
photoresist 41 is removed. 
[0059] Next, as shown in drawing 5 (B), a 
silicon substrate 31 is etched a depth of 
about 300-400nm by using as a mask the 
SiN film 40 by which patterning was 
carried out, and a trench 36 is formed 
between active fields. Etching for forming 
a trench 36 is performed on condition 
that the following using ICP type Si 
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etching system as [ shown in drawing 3 
(A)]. 

gas: C12 / HBr=50 / 50sccm pressure : - 
0.4Pa source mode output: - 2000W 
(2MHz) 

RF bias: 120W (l.8MHz) 
up electrode temperature: 250 degree C 
wafer temperature: - 20 degrees C [0060] 
Furthermore, it oxidizes thermally on the 
same conditions as the operation 
gestalten 1 and 2, and as shown in 
drawing 6 (A), the oxide film 37 of about 
20nm of thickness is formed in the wall of 
a trench 36. Thereby, the damage of the 
silicon substrate 31 by dry etching 
recovers a certain extent. Moreover, since 
it becomes the configuration where the 
corner part of trench upper limit was 
roundish by forming an oxide film 37, in 
case it embeds at the continuing process 
and an oxide film (HDP film) 38 is made 
to deposit, it can prevent an opening 
(void) occurring. 

[0061] Next, the above-mentioned trench 
36 is made to deposit the embedding 
oxide film (HDP film) 38 using the ICP 
type high density plasma- CVD 
equipment as [ shown in drawing 3 (A) ]. 
This becomes structure as shown in 
drawin g 10 (B). Formation of the 
embedding oxide film 38 is performed on 
condition that the following, and 
thickness may be about 600nm. 
gas: SiH4 / H2 O=20 / 30sccm pressure: 
O.lPa source mode output: - 2000W 
(2MHz) 



RF bias: 200W (l.8MHz) 
Wafer temperature: 200 degrees C [0062] 
By using the HDP film as an embedding 
oxide film 38, there is little film 
contraction and it serves as an isolation 
insulator layer which was excellent in 
step coverage nature (step coverage) also 
in the part where an aspect ratio is high. 
Then, it embeds on the same conditions 
as the operation gestalten 1 and 2, and 
annealing of an oxide film (Si02 film) 38 
is performed. It embeds with the oxide 
film 37 of trench 36 wall, generating of 
the minute opening (void) in an interface 
with an oxide film 38 is controlled by this 
annealing, and smoothing of embedding 
oxide film 38 front face is also performed 
to coincidence. By the above, as shown in 
drawing 10 R> 0 (B), it embeds in the 
trench 36 interior, and an oxide film 38 is 
embedded by good covering nature, and 
the embedding oxide film 38 serves as 
structure which remained by the 
thickness which is about 200nm on the 
large active field 33. 

[0063] Then, as shown in drawing 10 (C), 
light etching is performed for 1 minute 
using fluoric acid 1%. Thereby, about 
30nm of front faces of the embedding 
oxide film 38 is etched, and the 
embedding oxide film 38 on each active 
field serves as the configuration where it 
became independent mutually. Then, as 
shown in drawing 11 (A), the organic film 
42 (for example, commercial Si content i 
line photoresist) is applied about 200nm 



20 



JP200O021827 



of thickness with a spin coat method. 
After making a photoresist 43 deposit all 
over the upper layer of the organic film 
42, as shown in drawing 11 (B), i line 
stepper is used for the photoresist 43 on 
the large active field 33 and the narrow 
active field 34, and opening is prepared in 
it. 

[0064] Next, if etching of the organic film 
42 and the embedding oxide film 38 is 
performed by using a photoresist 43 as a 
mask, it will become a configuration as 
shown in drawing 13 (A) through a 
configuration as shown in drawing 12 . 
Etching of the organic film 42 is 
performed on condition that the following. 
Equipment: ICP type Si etching system 
(refer to drawing 3 (A)) 
gas: C12 / 02 =40 / 15sccm pressure: - 
0.4Pa source mode output: 1500W 
(2MHz) 

RFbias:60W(l.8MHz) 
wafer temperature: - amount of 
20-degree-C etching: - lOOnm [0065] 
Moreover, etching of the embedding oxide 
film 38 on the large active field 33 and 
the narrow active field 34 is performed on 
condition that the following. 
Solution: 5% The amount of fluoric-acid 
etching: 400nm [0066] In the process 
shown in drawing 13 (A), the active field 
33 and the embedding oxide film 38 on 34 
are removed alternatively and completely. 
Therefore, etching to the embedding 
oxide film 38 in a trench 36 does not take 
place, but the good configuration of a 



component isolation region is maintained. 
Then, by performing ashing processing, 
as shown in drawing 13 (B), the organic 
fi lm 42 and a photoresist 43 are removed. 
Furthermore, CMP is performed on the 
same conditions as the operation 
gestalten 1 and 2 to the embedding oxide 
film 38 projected on the substrate front 
face. 

[0067] In the above-mentioned CMP 
process, since the thickness of the 
embedding oxide film 38 which remains 
on a substrate serves as homogeneity 
mostly all over the wafer, there are few 
amounts of polishes and they end. 
Therefore, dishing by which superfluous 
polish of the isolated active field 35 
formed into the large isolation insulator 
layer is carried out hardly happens. Then, 
etching using a hot phosphoric acid 
removes the SiN film 40. Furthermore, 
light etching using fluoric acid is 
performed and the pad oxide film 39 is 
removed. Thereby, depression of the 
embedding oxide film 38 in a trench edge 
can be suppressed within 20nm, and 
fluctuation of the transistor 
characteristics resulting from depression 
of a trench edge is controlled. 
[0068] Furthermore, a sacrifice oxide film 
(unillustrating) is formed by the 
well-known approach, and an impurity is 
introduced into silicon substrate 31 front 
face. Then, gate oxide, a wiring metal 
layer, etc. are formed by the well-known 
approach on a silicon substrate 31. 
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Thereby, flattening of the substrate front 
face is carried out to homogeneity, and 
the semiconductor device with which 
sufficient gate processing margin was 
secured is obtained. Also by the 
manufacture approach of the 
semiconductor device of this 
above-mentioned operation gestalt, STI of 
a uniform configuration can be formed in 
the semiconductor device with which the 
memory cell part and the circumference 
circuit part were loaded together. 
[0069] (Operation gestalt 4) Drawing 10 
(A) is the sectional view of the substrate 
part of a semiconductor device 
manufactured by the manufacture 
approach of the semiconductor device of 
this operation gestalt, and the substrate 
of the same structure as the 
above-mentioned operation gestalten 1-3 
is formed. Next, the manufacture 
approach of the semiconductor device of 
this operation gestalt is explained. First, 
like the operation gestalten 1-3, as shown 
in drawing 4 (BX the thermal oxidation 
film is formed by about 10-20nm of 
thickness as a pad oxide film 39 on a 
silicon substrate 31. On the pad oxide 
film 39, the silicon nitride (SiN film) 40 
which serves as a stopper layer in the 
CMP process mentioned later is formed 
by about 150-200nm of thickness for 
example, with a reduced pressure CVD 
method. 

[0070] Next, after depositing a 
photoresist 41 on the whole surface, as 



shown in drawin g 4 (C), a 
photolithography process performs 
patterning of an active field to a 
photoresist 41. As shown in drawing 5 (A) 
using a KrF excimer laser by using a 
photoresist 41 as a mask, etching of the 
SiN film 40 and the pad oxide film 39 is 
performed. Thereby, the tooth- space 
pattern of 0.3 -micrometer [ a minimum 
of ] width of face is formed. Then, a 
photoresist 41 is removed. 
[0071] Next, as shown in drawing 5 (B), a 
silicon substrate 31 is etched a depth of 
about 300-400nm by using as a mask the 
SiN film 40 by which patterning was 
carried out, and a trench 36 is formed 
between active fields. Etching for forming 
a trench 36 is performed on condition 
that the following using helicon wave 
plasma type Si etching system as [ shown 
in drawing 3 (B)]. 

gas: -- C12 / HBr=30 / 20sccm pressure: - 
0.2Pa source mode output: - 2000W 
(13.56MHz) 

RF bias: 120W (400kHz) 
Wafer temperature: 20 degrees C [0072] 
Furthermore, it oxidizes thermally on the 
same conditions as the operation 
gestalten 13, and as shown in drawing 6 
(A), the oxide film 37 of about 20nm of 
thickness is formed in the wall of a trench 
36. Thereby, the damage of the silicon 
substrate 31 by dry etching recovers a 
certain extent. Moreover, since it becomes 
the configuration where the corner part 
of trench upper limit was roundish by 
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forming an oxide film 42, in case it 
embeds at the continuing process and an 
oxide film (HDP film) 38 is made to 
deposit, it can prevent an opening (void) 
occurring. 

[0073] Next, the above-mentioned trench 
36 is made to deposit the embedding 
oxide film 38 using the helicon wave 
plasma type high density plasma- CVD 
equipment as [ shown in drawing 3 (B) ]. 
This becomes structure as shown in 
drawing 10 (B). Formation of the 
embedding oxide film 38 is performed on 
condition that the following, and 
thickness may be about 600nm. 
gas: -- SiH4 / H2 0=30 / 20sccm pressure: 
- 0.08Pa source mode output: ■■ 2500W 
(13.56MHz) 

RF bias: 150W (400kHz) 
Wafer temperature: 200 degrees C [0074] 
By forming the HDP film as an 
embedding oxide film 38, there is little 
film contraction and it serves as an 
isolation insulator layer which was 
excellent in step coverage nature (step 
coverage) also in the part where an 
aspect ratio is high. Moreover, of 
application of the bias spatter method, it 
has a taper-like side attachment wall and 
the isolation insulator layer (STI) 36 to 
which flattening of the front face was 
carried out is formed. Then, annealing of 
the embedding oxide film (Si02 film) 38 
is performed on the same conditions as 
the operation gestalten 1-3. It embeds 
with the oxide film 42 of trench 36 wall, 



generating of the minute opening (void) 
in an interface with an oxide film 38 is 
controlled by this annealing, and 
smoothing of embedding oxide film 38 
front face is also performed to coincidence. 
By the above, as shown in drawing 10 (B), 
it embeds in the trench 36 interior, and 
an oxide film 38 is embedded by good 
covering nature, and the embedding 
oxide film 38 serves as structure which 
remained by the thickness which is about 
200nm on the large active field 33. 
[0075] Then, as shown in drawing 10 (C), 
light etching is performed for 1 minute 
using fluoric acid 1%. Thereby, about 
30nm of front faces of the embedding 
oxide film 38 is etched, and the 
embedding oxide film 38 on each active 
field serves as the configuration where it 
became independent mutually. Then, as 
shown in drawing 11 (A), the organic film 
42 (for example, commercial Si content i 
line photoresist) is applied about 200nm 
of thickness with a spin coat method. 
After making a photoresist 43 deposit in 
about 500nm of thickness all over the 
upper layer of the organic film 42, as 
shown in drawing 11 (B), i line stepper is 
used for the photoresist 43 on the large 
active field 33 and the narrow active field 
34, and opening is prepared in it. 
[0076] Next, if etching of the organic film 
42 and the embedding oxide film 38 is 
performed by using a photoresist 43 as a 
mask, it will become a configuration as 
shown in drawing 13 (A) through a 
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configuration as shown in drawing 12 . 
Etching of the organic film 43 is 
performed on condition that the following. 
Equipment- Helicon wave plasma type Si 
etching system (refer to drawing 3 (B)) 
gas* ■ C12 / 02 =40 / lOsccm pressure* - 
O.lPa source mode output- - 2000W 
(13.56MHz) 
RF bias: 50W (400kHz) 
wafer temperature : - amount of 
20-degree-C etching: » lOOnm [0077] 
Moreover, etching of the embedding oxide 
film 38 on the large active field 33 and 
the narrow active field 34 is performed on 
condition that the following. 
Solution: 5% The amount of fluoric-acid 
etching: 400nm [0078] In the process 
shown in drawing 13 (A), the active field 
33 and the embedding oxide film 38 on 34 
are removed alternatively and completely. 
Therefore, etching to the embedding 
oxide film 38 in a trench 36 does not take 
place, but the good configuration of a 
component isolation region is maintained. 
Then, by performing ashing processing, 
as shown in drawin g 13 (B), the organic 
film 42 and a photoresist 43 are removed. 
Furthermore, CMP is performed to the 
embedding oxide film 38 projected on the 
substrate front face. CMP can be 
performed on the same conditions as the 
above-mentioned operation gestalten 1-3. 
[0079] In the above-mentioned CMP 
process, since the thickness of the 
embedding oxide film 38 which remains 
on a substrate serves as homogeneity 



mostly all over the wafer, there are few 
amounts of polishes and they end. 
Therefore, dishing, by which superfluous 
polish of the isolated active field 35 
formed into the large isolation insulator 
layer is carried out hardly happens. Then, 
etching using a hot phosphoric acid 
removes the SiN film 40. Furthermore, 
light etching using fluoric acid is 
performed and the pad oxide film 39 is 
removed. Thereby, depression of the 
embedding oxide film 38 in a trench edge 
can be suppressed within 20nm, and 
fluctuation of the transistor 
characteristics resulting from depression 
of a trench edge is controlled. 
[0080] Furthermore, a sacrifice oxide film 
(un-illustrating) is formed by the 
well-known approach, and an impurity is 
introduced into silicon substrate 31 front 
face. Then, gate oxide, a wiring metal 
layer, etc. are formed by the well-known 
approach on a silicon substrate 31. 
Thereby, flattening of the substrate front 
face is carried out to homogeneity, and 
the semiconductor device with which 
sufficient gate processing margin was 
secured is obtained. Also by the 
manufacture approach of the 
semiconductor device of this 
above-mentioned operation gestalt, STI of 
a uniform configuration can be formed in 
the semiconductor device with which the 
memory cell part and the circumference 
circuit part were loaded together. 
[0081] The manufacture approach of the 
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semiconductor device of this invention is 
not limited to the gestalt of the 
above-mentioned operation. For example, 
the source of the etching plasma, an 
equipment configuration, etching process 
conditions, etc. can be changed suitably. 
In addition, it is the range which does not 
deviate from the summary of this 
invention, and various modification is 
possible. 
[0082] 

[Effect of the Invention] According to the 
manufacture approach of the 
semiconductor device of this invention, 
superfluous polish of an insulator layer is 
prevented and depression of a trench 
edge is controlled. Therefore, the level 
difference of a trench edge is reduced and 
a gate processing margin can fully be 
secured. Moreover, according to the 
manufacture approach of the 
semiconductor device of this invention, 
depression of a trench edge is controlled 
and the electric-field concentration in a 
trench edge is eased. Therefore, the fall of 
the transistor characteristics by a reverse 
narrow channel effect etc. can be 
prevented. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing ll It is the sectional view of the 



semiconductor fabrication machines and 
equipment used for the manufacture 
approach of the semiconductor device of 
this invention. 

[Drawing 21 It is the sectional view of the 
semiconductor fabrication machines and 
equipment used for the manufacture 
approach of the semiconductor device of 
this invention. 

[Drawing 31 It is the sectional view of the 
semiconductor fabrication machines and 
equipment used for the manufacture 
approach of the semiconductor device of 
this invention. 

[Drawing 41 It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawing 5l It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawing 61 It is the , sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawing 71 It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawing 81 It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawing 91 It is the sectional view 
showing the production process of the 



25 



JP200O021827 



manufacture approach of the 
semiconductor device of this invention. 
[Drawin g 101 It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawing 111 It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawin g 121 It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention. 
[Drawin g 13l It is the sectional view 
showing the production process of the 
manufacture approach of the 
semiconductor device of this invention, 
drawin g 141 It is the sectional view 
showing the production process of the 
manufacture approach of the 
conventional semiconductor device. 
[Drawin g 151 It is the sectional view 
showing the production process of the 
manufacture approach of the 
conventional semiconductor device. 
[Drawin g 161 It is the sectional view 
showing the production process of the 
manufacture approach of the 
conventional semiconductor device. 
[Drawing 171 It is the sectional view 
showing the production process of the 
manufacture approach of the 
conventional semiconductor device. 
[Drawing 18l It is the sectional view 
showing the production process of the 



manufacture approach of the 
conventional semiconductor device. 
[Description of Notations] 
11 [ - Solenoid coil, ] - A magnetron, 12 - 
A waveguide, 13 - A quartz bell jar, 14 15 
[ ■- RF generator, ] - A wafer, 16 - A 
clamp, 17 - A wafer stage, 18 19 [ - 
Heater, ] - An up electrode, 19' - A 
side-attachment- wall electrode, 20 - An 
inductive-coupling coil, 21 22 [ 
Multipole magnet, ] - A source electrode, 
23 - An antenna, 24 - A source chamber, 
25 31 51 - A silicon substrate, 32 - A 
memory cell field, 33 - A large active field, 
34 A narrow active field, 35 - An 
isolated active field, 36 - STI, 37 55 » 38 
An oxide film, 56 - Embedding oxide film 
(HDPJhigh density plasma film), 39 52 [ - 
The organic film, 58 / - Depression of a 
trench edge. ] - 40 A pad oxide film, 53 -- 
A silicon nitride, 41, 43, 54, 57 - A 
photoresist, 42 

[Translation done.] 
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[0 0 3 0] <<fc^ 0 5 (B) ic^-Ti 5lc, = 



/a 

1 3 0 0 — 4 0 0 nmSS^yfy/U T^-r 

# * : C 1 2 /H Br = 50/30 sccm 

£E t> : 0 . 2 P a 

/i&ffl^ : 9 0 OW 

RF/M7^ : 60W (800kHz) 

V^/^IBM : 2 0°C 

[0 0 3 1] £"bK> JRfflMtSrtTV\ 06 (A) (c^i" 
«t 5 IC huyf 3 6 (Dftm^mW- 2 0 n m^SW^kM 

K9>faMb#i8* , t , » lOOOtffi?. 
^■3 6««fcftyyayStS3 lKWsyf 
y^SrtT5t> v-y avS«3 ltd^— ^dS^-x.b*v 

SMfclg (HDPI) 3 8 *JmS«SM££Nt 
[0 0 3 2] HlfcSrt-i^feECR^-f^©* 

<lr±IBcO F t/yf 3 6 tc*tt$ff $-t£<5o 0 6 

(B) tc^i-±5^«jgi:^5 0 »M&*iMfc8l3 8© 

#7: S i H4 /H2 0= 2 0/30sccm 
Btl : 0 . 1 P a 

: 1 OOOW 
RF/W7^: 400W (13. 56MHz) 
V^'^fflM : 2 o ox: 

[0 0 3 3] 3 8 t LTHDPBt3M£ffl 

lei, *>y ayS$3 HBOfct-fe/v^/WT^i^d^i J: 
5^iSS««E«^S:WlPU"C» v- y => 3 1 ±T'*fe^ 

9» ^-^^©WffiSrto^^^ltlMWi (ST I) 3 

t ^MffiiJffit?^ y 9 /=■ >fMWtWi. Z> fob. 

[0 0 3 4] m^-'X. S«)ii*IMkit3 8©T=— /w* 
ffpo r<7>T=-/HcJ;U, M/yf3 6rt«©IWk«l 
i 37i a»a*BMtit 3 8 t ©»ffiKl*Slt 



mm. : mjR©nMMt:*p 

^-.Pyroltl. 0 
^i/^lt : 9 00"C 
: 3 0# 

EUlK:J:9. HI 6 (B) K^1-.fc5K, H'XfSert 

8d^Jx«^)2 0 0 nm©ff£-C^#Lfc«jg£&5. 
[0 0 3 5] ^tf>^ 111 7 (A) 

4 2 (0"J;Lf£, DUV-4 2, Brewer Scie 
ncett) t^tfya- hftC±9IW2 0 0 nmS 

^ r-4 3Sr*ii»$-ti:X*^. HI 7 (B) K^1ri.oK, 
JSTI^T^tV 3 SJait/Sfe^T^-?- -*7*®#3 4 

±037^ r-V"^* r-4 3^PBD^It5o 7*M/-^ 
h4 3cD/-?^— t^Rfi, i^r-y^— 

[0 0 3 6] tfcK, 7* h4 3 b LX 

mmm4 2*5j:t^«»a*iMkJBi3 so^y*-^*!? 

5 is HI 8 (A) ic^-f-J; 5 4»Mft*tt"C, 0 8 (B) 
fcS-riSft^Ri**. tWl4 20xyfy^f± > 

gEtt : ECR^^f/WS ix^fy^gf (HI 1 

: C I 2 /O2 =50/20 sccm 
ffi#:0. 2Pa 
MlSm^ : 9 0 0W 

: 6 0W 
: 2 0t 
^-y^-^^M : 1 5 0 nm 
[0 0 3 7] titc. j£VVT^7M7"ffi«3 3*J.fctf»&^ 
T * r- A -fWH 3 4 ±©«»&*BMISffll 3 8 CD a: -y ^ V 

^:C 4 F 8 /He = 50/1 00 sccm 

Btl : 0 . 2 P a 

n&tiitl : 1 0 0 OW 

RF/^7^: 2 5 OW (8 0 0 kHz) 

■^/NfiK : 2 0*C 

[0 0 3 8] HI 8 (B) fc^atS, afeai*^kJK3 

8£^s'? 1 v^i--5i*§u::*5^Tfi, mcM<o^vf-^ 
^WRit!is»#BW (42) -e 8 , atv y 3 ffcfbfli 

(4 0) T*5 0#fetu5, Ifc^ot, 36rt 
<DS»ii^'fb^3 8JcM-r5^y^-V^»±)Sw £>T, 

-sv?®M i k'fr?z.bK& v ) . HI 9 (A) 
fc» #$Jg£4 2*3«fc^7* h4 3Sr^*i-5o 

[0 0 3 9] £<bl=:, *K*ffifc&m 
1813 8tc*|-L-CCMP;HT5 09 (B) (c:^-rj;5 
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t$.Wkht£%« CMPrt«"J^.fiJ^T<o^T-tT5o 
'£tff : miS^CMP^K 
JI^J : 3 0 0 g / c m 2 

[U3£$C : 3 0 r pm (^5/ K) , 3 0 r pro (y— 7* 

mm :2o# 

fc(D, IC1 000/suba400 (o— f 

I C 1 1 2 (CABOTtt 

Si) 

[0 0 4 0] HI 9 (B) lC^:$iX?)lS{-*3<'^TI±, £ 
•Ctitf^— t^o-CV>5fc*, Tgrtf. 

J-yjffcX 9 S i NR4 0 Srfe£i"5. 7j/^ 

SMbJg3 8 <D^t.ii^S: 2 0 nmEirt(-ffilx5 d i: * s t? 

[0 0 4 1] Sfcic, ^fti<o*ifeK:J:9«ttBMbil 
EttO l/Ti/ !) a 3 1 SffiK'PWioiA 
£fr5o «^T, v-y =^»£3 1 ±k:y- hSHbSt, 

t&— fc)l£lfc<E> S T I Sr^i-2> - 1 ^X*# So 

[0042] {%mm 2 ) *ms««©»5t*ft|w «t 
otfc, ±m<ommrmi tmm^. 04 (a) t^-r 

EI4 (B.) ic^-r±5^, V!J3yiS3 11 
VmtWi 39 t LTHft^kBSSrlRff 1 0 ~ 2 0 n 
40 mSttilWtS. ^° y KIM* 3 9 ±fc, C 

(s iNBo 40^ wz_immcvr>mz£<omm 1 

5 0 ~ 2 0 0 n mgtT'MtS, 
[0 0 4 3] 7* r-l/v 5 * h4 1 Sr£ffifc*i«L 

T*>fe, HI4 (C) ^^-r±9t-. 7tM)y^77-T 
XSl-J: t> 7* h h 4 1 (CT^'7 L 'f 7^^<7)^^ 

— ^V^Srff5o 7*hWv ; ^h4lSr-7X^tt"CK 
r F^^v^-^— l^— y"*— 4rfflV\ EI5 (A) tc^"f"<t 9 
}C N S i Ni4 0*3<t^i/ Ymtmz 9 0^^^ 
so ^rtT5o r^fcj;?). ft/hO. 3 n mtg©^^-^^^^ 



(8) 
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[0 0 4 4] 0 5 (B) Ktf-?£ — = 

i/;/$ftfcS i NR4 0%-?X? b LX'yV 3^S&3 
1 £r$5£ 3 0 0~4 0 0 nmSfx-yf y^U T^T" 

^:Cl2/HBr = 50/40 sccm io 
J£t) : 0 . 2 P a 
y — ^WTJ : 1 0 0 OW 
RF^n : 4 OW (450 kHz) 
: 7 0°C 

[0045] $ b^. mrnxm 1 1 ia«**#t?rRiMb 

SrffV\ 1216 (A) fcjjrTJ: 5 fc, Ki/yf 3 6tf)rtl 
mfflSJ|E2 0 nmm*W^'fli)K3 7 Sr^fSo -tvicj; 

fc»*ti4*fc«>» at< x8-e«»a*-iMtii (hdp 

K) 3 8Sr*§«;**5BSK£B£i K) a*38£1-5<a 
scrims. 
[0 0 4 6 ] 1211 5 4ECR^-<y©ft 

DPI) 3 8Sr±!Etf> h^f 3 6 lc*6«$^:5o -ft 
0 6 (B) t*i-J:5*fll3t2:*5. 

|±6 0 0nmSIit5. 

^:SiH4/H 2 O=2 0/3 0 sccm so 
ffi^; : 0 . 1 P a 

vmmjj : 1 0 0 OW 

RF/M7^:400W (13. 5 6 MH z ) 
^i^itft : 2 0 0"C 

[0 0 4 7] «&£*lfefclR3 8 t L-CHDPI^ 

*0ft*j^-ctaiaftwt (^f7/*/^-i>) 

*Ht!6IM)t (ST I) 3 6i5M$ti,5 0 
[0 0 4 8]^T, HMftftlR 1 t pj««*fl=-c» a* 
ii*BMbJW ( s i o 2 R) 3 8tf>T=-/v<HT 5» :o 
T=— /MC«fctK H^yf3 6rtSW^bR3 7 ti» 
ii^.i«3 8 i£D#ffi^*Dtt-5^h^e^^ (*V K) 
<D&£.&$tm£tl. lU^FtC. Jffi«)i&^lfcffc;ffiS3 8*ffi<73 
^'(btfT^ftSo JU±K<fc«9, 12)6 (B) tC^i-<t5 
tc. S U-V^-3 6rt&K:»±*l«>ii*®MfcIg3 8#&£f& 

*ii*IWkJR 3 8 as« 2 0 0 n m<D)?$ T*a# L so 



/4 

[0 0 4 9] 1217 (A) {C^i-«t5^, *MK 

4 2 («x.ff, TfTlSroS M «r 

^.t ,, V3-hfe(C t t?)MJ¥2 0 0nmSSs 
fi!4 2 ©±*©^ffit» 7* h l^v 5 * h43 
$-&T*^, 1217 (B) £^7^f-f7' 

3 3 # <t xrm 9 t- -< -?w$. 3 4 ±co y * hi" 

[0 0 5 0] JJctC, 7* h4 3%-??.? t LT 

tiH4 2*sJ:l#K»&*BMfc«3 8cD^;/^V;/£tT 
08 (A) K*-TJ:5*J»JR«ra-C, 08 XB) 

If :MCR^^^OSixyf^gf (H3#I) 

: C 1 2 /O2 = 50/10sccm 
JEE^I : 0 . 2 P a 
y— : 9 0 OW 
RF^-f7^ : 30W (450kHz) 
<?^^U& : 7 Ot: 
^-yf-^PM. : 1 5 0 nm 

[005 1] fc^T ? 7- 4 7<m%i<Z 3*5<fctmv> 

7^f-f7 , I«3 4 ±©S»ii^K'ftlffil 3 8©x;/f-y 

: C4 F8 /He = 2 0/1 00 sccm 
JE^I : 0 . 2 P a 
y—Xttit) : 1 0 0 OW 
RF^-fT* : 1 5 OW (450kHz) 
•7xAfiS : 7 0"£ 

[0 0 5 2] 08 (B) l£*£ft5, m#>&%-Wt4)cM3 

^aiRifcas*t#HUR (4 2) flO, 

(4 0) t?5 0#b^, Lfc*Sot, h'l/yf 3 6rt 

-»-y«ia^fT5 rttcto, 09 (A) f^i-J:5 
tc, *BMI4 2*5J:U«7*M^^ h4 34r»*-t-«. 
[0 0 5 3] $p>^< »E*ffiH06iijuft.««>ii*aMI: 
R3 8^ML-TCMPSrff5 09 (B) tc^-f-J; 5 

cmp timmrM 1 1 isia^^-cff 5 

rir*s-e#5o 09 (B) lo^$^5)XS{-*3V^Tfi, 

[0 0 5 4] *yh!lvKS:^fcxyf^ 
S i NJK4 0Sr8S**-t-5. ^fei-, 7?iiffit^ 
fc7-Y h^y^v^^^, KSMUS 3 9Srl**-t- 

3 8 ©I^5r 2 0 nm«rt(C»x.5 : , h 
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[00 5 5] $ ^(D^fefct 9 4ft4£BHbJK PF 

[0056] mMBM 3)eiio (a) a^mMmm 
K:*j»t5H4 (a) iZTFZtntmmmtmm^ ->y = 

TDRAM^cD^y-tr/1^^3 2, JE<^T TlH 
*£3 S^it/aH^T*^ 7*3W£3 4^J6fe£;fv — 

fcfc<DST I 3 6*S?l&*3*t-C*5«K STI3 61:tti 
<ffcJW3 7«:7>U-C, »>y=yii>^? 1 HDPi3 8 

[0 0 5 7]ftl:, *IBK»lfi©^fl:»fll©»5t^fe 

4 (B) l^tJ:5C, ->!J3y«S3lJ:l^yKt 
«3 9t LTjRBMb«IS:«tffl 0-2 OnmSSt'B 
jSE-t-« 0 /<yKWUl3 9±l:, mMi-5CMPl@{c 
jS^-C* hy^-lifti^PaviflJ! (S i Nl) 
40£, M*.tfttffiCVDifcfcJ:0fflMl 50-200 so 

[0058] 7* h l/-^ h 4 1 Sr^ffiKHftfcfL' 

134 (C) i^-rxo^. 7*M»y^?7y 
I@K«fc<9 7* h W-^ h 4 1 {dT^-f ^SSi^tfV-^ 
-^^^Srtf.^o 7* hw??;* h4 1 Sr^^i: LTK 
r F^^V-^— U~ - if— £rffli>\ HI 5 (A) \z.7jkirXo 
S i Nit 4 0ts£Tf'<y KKftKS 9p^y^->if 

-y«jjx5 0 7^ h w:?* h 4 l 

[0 0 5 9] iWc, [215 (B) ^^i"J;5ti, 
^SZilliLS i NI4 0^^ t LTV y =>>-g«3 
1 5r^§ 3 0 0 — 4 0 0 nmgliyfy^U T^-r 
' T'iWKIWfc h W-V^ 3 6 £Jgj&1-5„ h Wf- 36Sr 
^-fSfcfecD^-y^-V^fi, El 3 (A) IztfrfXoti: 
ICP^-f/©Six;/fy^it5rI^t, JWT©£= 

: C 1 2 /HB r=50/50 s c cm 
JE77 : 0. 4 P a , 

y-^Ui^: 2000W (2MHz) so 
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RF/M7^ : 1 2 0W ( 1 . 8MHz) 
±gB«@?fig : 2 50t 
^i/NfiS : 2 0t 

[00 6 0] ^c, nas^flg i , 2 £ na«©afe#-c*fc 

g?-ftSrtTl/\ 06 (A) »Cl^-f-J; 5iC h u^3 6<DF*3 
SlcJ8£ff2 0 nmfIg<D®Mfc;J^3 7 4r^j*-f5. rtvtc 
«t!j, K7^xyfV^a5->l)3yM3 1©^ 

&zmmi®&-fz>« wi3 7 5:M 

VtcM'W:ktl:Ztc#>, «t<XSt?«»3i^i|fk« (HD 
Pi) 3 8Srlt«$-&5I^J-^ WW K) /S 5 ^i-?> 

[0 0 6 1] &lc. 0 3 (A) fC^-f-i5*I CP^-f 

1 (HD PJgS) 3 8 &_h!E© b 3 6 Ul*i8f£-£ 

5 0 :til:J:0> 010 (B) 5*«3ti* 
5o «»5&*lMfcIt 3 8 (DMtflte. Wfctf, «T©^ 
T*ffV\ MJ¥I±6 0 0 nmgStt5, 

: S i H4 /H2 0=2 0/3 0 s c c m 
77 : 0 . 1 P a 
y-*ffi77 : 2 0 0 0W (2MHz) 
RF^7^: 200W (1. 8MHz) 
: 2 00t 

[0 0 6 2] ffifeii^K'ftJe3 8 £ LTHDPlS:ffiffl 

tutm^mummtti^o m*x. ^js^isi, 2t 

Pi#©*#-e*«>a*-BMk]|ll (sio 2 I) 3 8©7= 

ftffiKt K) ©3B£as«MM£*U IrWH:, 
BMkfflt3 8*ffi©sp*IMb't>tTfo*t5. &Lhl-<fc!5> 01 
0 (B) \Z7jk-f£?\z^ hU>"f-3 6rt$6JCJ4ffi«)ji^. 

7®«3 3±(C, l»ii^ft«3 8iP09*.rfjfi2 0 0 
n m ©ff $ T-a# L7t#5g £ Jfe 5<, 
[0 0 6 3]Jg!^T. 010 (C) ^-f«t5fc, 1% 

\z X 9 s S»ii*iMfcffll 3 8 tf>3lB#&l 3 0 n 

«3 8*s, ftmzmiL^tcftmkteZo 01 1 
(a) tc^-rj;5t-> f«4 2 mis©s i 

2 0 0nmSS> M*-T?>o *tS^4 2©±S<D^ffi 
it, 7* h i^-v 5 ^ h 4 3 Sr*t8fS*-Cd»5>, 011 
(B) K7ikir£5\c x tu^Ti^r^y'^kz zi$Z.xm 

V^yr-f7'^*3 4±(07t hUv*^l-4 3[^ i B 
7. 7- y s<— *m t^-C P Sr»lt . 
[00.6 4] ^(c:, y^VU'J'^YAS^^.^tL-X 
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bh, 0 1 2 \c^-TX o fcJtMKSrfcT, 013 (A) \c 
: I CP^-Y^CDS i ^s/^-^^S (133 (A) 



: C 1 2 /O2 =40/15sccm 
ff*:0. 4Pa 

y-Xffl*: 1 500W (2MHz) 
RF/M7^: 60W (1. 8MHz) 
?x.^mM : 2 0t 
x.yf-'yifEs. : 1 0 0 nm 
[0 0 6 5] j£v>T^x^y««c3 3 4o<tt?^^ 

T^^^^ffl^3 4±©*lft^®Mt;ffi3 8»^5/^>- 

: 5% 7 yftL 
J--y^-V^S : 4 0 0 nm 
[00 6 61 013 (A) K**^5XSUl*SV^r» T 
^■r^ y|g^3 3, 3 4±©Sft&#-&'ffc$l3 8iiM$l 

->y^It:fT5ii:(:J:t)s HI 1 3 (B) K^-T i. 0 
K K 2t$£Xf7* VWJ* V4 3Sr^*i-5<, 

[00 6 7] _hfE©CMPI@i-*3^-Cfi, Xlg±(-$l 
— ifto-CV^Sfcft, W**tt'>fc<-C«Ftf. L-fc^o 

«fc0 S iNBUOSrlfc**-*. Sfcfc, 7yltffl^fe 
3 8cD^*>3i^5r2 0nmWrtlcS]^5^i:* s t?ts h 
[0068] ^*p©*jfefciO*BfflMttt 

mm v- y =■ ^sts 3 1 ^bi^f***©** 

SrfrS. vS« 3 i±fc^-hBMUK» 40 

if Sr^rf9iO*&l- £ t) W,&tZ><, rtuic J; 

X, ^-*^o S T I Srf^t 5 1 1 ^T?^ 5, 

[0069] (mmrtffi4) 010 (a> i-z*mm%m 



~3tlR)#t-, 04 (B) (Ctk-TJ: 5t-> 
3 1 ±lc/< y ymtm 39i LTfRIMkKfclUp: l 0 ~ 
.2 0nmgS"C«t5. KWb»3 9±fc. 

■racMPimic*jv^-c^ h^-ii45v'!) =^ 

■ffcjg (S iN® 4 0£, 0>J^fi^JECVDfttcJ;t)K 
J?l 5 0~2 0 0 nmgSt'^t5, 
[0 0 7 0] ifcK, V* b 4 1 ££ffi»c:l£«L 

T^fe, 04 (C) }C^-r<t5t-s 7* h!Jy^77^ 

-^^fcfi^. 7thl/^h4 1?r-77^tLtK 
r Fxif-VT- U'— tf— $r/BV\ 05 (A) {c^i-<t 5 
tc, S i NJ3I4 0io£Xf/<y Kfi*ffcll3 9 (D^-y=f->- if 
*'ub<, rUCJ:?, */ho. 3 Mmffi©*'*-*^* 
-VflST&fcSivSo ^©#> 7*H"^h4 1t»* 

[0 0 7 1] 05 (B) KSH" i 5 K> 

^i/^tbfcS i NJS4 O^r-v^^ t LTv-JI 3ySS3 
1 £rt£& 3 0 0~4 0 0 nmiSiyf^l. T^x 

jy*mi$wiK\-y>"?3 n/5/f3 6i 

^•T5fc«)©^y^v^fi, 03 (B) 

-fj:5^y ai/jg^X-^-f :/©S i^y*^^ 

X* : C 1 2 /H Br=30/20sccm 
J±73 : 0. 2 P a 

y-^tH77 : 2 0 0 0W (1 3. 56MHz) 
RF/M7X : 120W (400kHz) 
Vx-'^MM : 2 Ot: 

• [ o o 7 2 ] £ tin, mfe^ffi i ~ 3 1 mmte&ftx*m 
mt^n^\ 0 6 (A) K7jk-rx ?k v^j-z 6©rt 

filcilV2 0nmtS©Sltl3 7 &Bffrr&. -HJC 

WcBWikftttit), m< xa-es»a*SMkii (hd 

P)8I) 3 8&«i^t5fl^ WF) #38£i-5 

[0 0 7 3] ifklC, 0 3 (B) t-^-Tctp^^y^^ 
y5X-7iS'^7*Oit««7"7X-7CVDif5rffllX > 
a»ii^-fbffil3 8 Sr±IH© H^yf3 6{cJt«$* 
5. mtcii?, 010 (B) ic^-r<fc5ft«5iifc 

tTV\ HI|li6 0 0nmgSit5. 

: S i H4 /H 2 O = 30/20 sccm 
JE73 : 0 . 0 8 P a 

y-^ai73 : 2 5 0 0W (1 3. 56MHz) 
RF/-!-f7^ : 150W (400kHz) 
: 2 0 0*0 

[0 0 7 4] «ftii*»ftJt3 8 t UTHDP^S:^ 
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ixfcJfc^HHflMWK (ST I) 3 6«^^5. 
■C. HJS^fi 1 ~ 3 t R#4*ffT\ a&i&&*flJi 
(Si0 2 I) 3 8<DT~— /v§r=fT5, ::©T=— ;H: 

3 8 i o#iBfc*s t* *«W^*SSIIl K) 
M3*u iKj^tc, a*e>a*ifc<kii3 8*iiio l i t iiMkt>fT 
t>*u*. fiUilcfct), El io (b) 3 fc:, ^ w 

^3 6rt»fctt«»a*iMk«3 8*&»**W4tf 

BMbl»3 8*S09iff^J2 0 0 nm©J?S-C^#L7t«3fe 

[00 7 5] ttvT, Iio (c) KtjM-J: 5 (~> l % ' 

^ «t •? , a*ii^iMkl8S 3 8 (DSffia* 3 0 n mgSi v 
3 8*5, ttEldttScLfcJWKfc-fcS. Ell 1 

(a) icsh-j:?^ &®m4 2 msft©s i z» 

200nmgf, t*4 2©±i©M 

IC, 7* M/v'^ h 4 3 S:If 5 0 0 nmSSt*«f $ 
•&-Cd>b, 01 1 (B) f^-f-<t5t-x E^T^f-f^ 
3W$3 3fc<fctf$fe^T^XW , 7'£it*£3 4l©7* h Wv? 

[0 0 7 6] 7* hU"^ b LT 

#WR4 2 43J:craiAi&94MJiS 8 ©^■y^^'HT 
Ell 2t£7MrX5te1&ltt*mXs 013 (A) (c 

ygjg : ~.y 3>-jg7'7X-^^-Y7 , '<DS i ais/^v-^isa 
(03 (B) #181) 

: C 1 2 /O2 =40/10sccm 
JE77 : 0 . 1 P a 

y-Xffl* : 2000W (1 3. 56MHz) 
RF^-f7^ : 50W (400kHz) 

: 2 0*C 
^•y^-y^M : 1 0 0 nm 
[0 0 7 7] tfc, lS^7^f^7'®«3 3*3j:tmv^ "o 
T ? 7- A -7®$. 3 4 ±©a*ii*BWkJR 3 8 ©^ y V 

: 5% 

xyf-y^i : 4 0 0 nm 
[0 0 7 8] 013 (A) tC^ftSXftlCfc^T, T 
^7^71113 3, 3 4±©S»i£*IMbil3 8f4»& 

^yifVm-kVs^th\ci.'0 , 013 (B) ic^-fJ: 5 s< 



50 

stg*ffilc^mLfc«feji^'fk;ffiS3 8tc:*tL 

TCMP 5rtT 5<, CMP tt±IE©H16^IS 1 ~ 3 t mm 

©&#-ctT 3 r 

[0 0 7 9] ±IE©CMPXStC*3^Tf±> £&±t-£S 
#1-SaAi&94NUR 3 8 ©JRJPtf -7 i/v^IiTNStffc 

J;»)SiNl40«*«, '^t, 

7^ hmy^-J^trfTVV KBMktt 3 9 £rl&*-t~ 
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